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Available online 23 March 2016Permian strata of northern Siberia contain a rich record of the late Paleozoic history of Siberia and surrounding
fold and thrust belts (FTB). More than 850 uranium–lead (U–Pb) detrital zircon ages collected from the Permian
strata provide vital information about sediment source areas and history of the sedimentary basins. The detrital
zircon populations obtained from the Permian clastics of northern Siberia are characterized by large percentages
of late Paleozoic and early Paleozoic zircons,whose ages can be correlatedwithmagmatic events known from the
Ural-Mongolian Orogen. Our data suggest that Permian clastics of northern Siberia were mainly sourced from
orogens developed along the western and southwestern margins of the Siberian Craton (in present-day coordi-
nates), with an additional sediment contribution from the reworked sedimentary cover and basement of Siberia.
The contribution from Siberian sources is distinguished in the Precambrian part of the detrital zircon populations
bywide distribution of ca. 1700–2000Ma and 2500–2750Ma zirconswith an almost total lack of zircons ranging
in age from 800 to 1700Ma. We propose that a major fluvial system, which we here term the “Paleo-Khatanga”,
was the main sediment transport pathway along the western and northern margins of Siberia during the Perm-
ian. From a regional overview of detrital zircon populations in Permian deposits across the Arctic realm, we pro-
pose that the New Siberian Islands, Alexander and Farewell terranes were sourced from the western framework
of the Ural-Mongolian Orogen and were located along the northern margin of Baltica during the late Paleozoic.
The Arctic–Alaska–Chukotka Terrane on the other hand does not have Uralian signatures in the detrital zircon
populations of the Permian sediments, and can be reconstructed adjacent to the northern margin of Laurentia.
Our new data presented here help to better define the enigma of Arctic paleogeography during the Paleozoic.







The number of detrital zircon U–Pb studies in the Arctic has substan-
tially increased in recent years, providing new constraints on the paleo-
geographic and tectonic evolution of this complex region. However,
only a handful of U–Pb detrital zircon studies have been conducted on
the Paleozoic successions of Siberia and its margins (Prokopiev et al.
2008; Miller et al. 2013; Ershova et al. 2013, 2015d; Prokopiev et al.
2013, Zhang et al. 2013; Glorie et al. 2014; Khudoley et al. 2015). Here
we provide an overview of the stratigraphy and depositional environ-
ments of Permian deposits across northern and central Siberia, along
with a provenance study based on U–Pb dating of detrital zircons from
9 samples collected from the Permian strata in northern Siberia.te (VSEGEI), Sredny Pr. 74, St.The Permian deposits of northern Siberia are represented by a thick
succession of clastic rocks deposited in various continental, brackish and
marine paleoenvironmental settings. These strata provide a record of
the Permian tectonic history along the northern margin (present-day
coordinates) of Siberia and surrounding fold and thrust belts (FTB). Con-
sequently, they form an important basis for the reconstruction of fluvial
pathways across Siberia in late Paleozoic. Our detrital zircon data ob-
tained from the Permian strata of northern Siberia provide a unique sig-
nature which can be used to locate and identify other terranes of
Siberian affinity, which are now scattered across the Arctic and Cordille-
ran realm following opening of the Mesozoic-Cenozoic sedimentary
basins.
2. Geological background
The study area is located along the northern margin of the Siberian
Craton and surrounding FTB (Figs. 1 and 2). The Siberian Craton repre-























Ch  - Chukotka
W    - Wrangel Island
NSI - New Siberian Islands
SZ  - Severnaya Zemlya
FJ  - Franz-Josef Land
NZ - Novaya Zemlya
SV - Svalbard
NS - North slope Alaska subterrane
SW - Seward Peninsula














Fig. 1. Regional setting of the study area depicting the locations discussed in the text and the major orogenic systems that have affected the Arctic region (modified after Colpron and
Nelson, 2011).
221V.B. Ershova et al. / Tectonophysics 691 (2016) 220–233sides by FTB of Precambrian-Mesozoic age, mainly the result of terrane
accretion onto the margins of Siberia during the late Precambrian— Ju-
rassic. The Siberian Craton is an ancient Precambrian complex of Arche-
an and Paleoproterozoic terranes, which were amalgamated at 2.0–
1.85 Ga (Rozen, 2003; Smelov and Timofeev, 2007). Precambrian base-
ment outcrops in the Anabar Shield andOlenekUplift in the north of the
craton, and in the Aldan Shield in the south (Fig 2). Neoproterozoic
magmatic rocks have not been described from the basement of Siberia,
but have been described from theYenisey Ridge along the southwestern
margin (Vernikovsky et al., 2004; Vernikovskaya et al., 2006; Nozhkin
et al., 2008, 2013), and from the Taimyr Peninsula along the northern
margin (Fig.2) (Vernikovsky, 1996; Vernikovsky et al., 2004; 2011;
Zakharov et al., 1993; Pease and Vernikovsky, 1998; Pease et al., 2001;
Proskurnin et al., 2014). The Siberian basement is overlain by a Protero-
zoic to Mesozoic sedimentary cover of varying thickness and composi-
tion, including the Permian stratigraphy described below.
3. Overview of stratigraphy
In the present-day structural framework, Permian deposits are
widely distributed along the northern, eastern and western margins ofSiberia, including the surrounding South Taimyr and Verkhoyansk FTB
which represent deformed Paleozoic-Mesozoic passive margins of
Siberia (Figs. 2 and 3). Within the Siberian Craton and in the
Yenisey-Khatanga and Lena–Anabar depressions information on
the Permian rock unit composition and thickness is based mainly
on the well and seismic studies. The thickness and facies of Permian
deposits vary significantly across Siberia. Brief descriptions are
provided below.
3.1. Tunguska area
The Lower Permian deposits are mostly represented by alter-
nating sandstones, siltstones and clays, mainly deposited in conti-
nental environments, with numerous relatively thick coal beds
described through the succession (Fig. 4) (Budnikov, 1976).
Shallow-marine to brackish water deposits have been reported
from the northern part of the area, where the uppermost Lower
Permian deposits comprise clayey limestone with numerous bi-
valves. The Middle–Upper Permian deposits are mainly sandstones
with beds of clays and siltstones. Thick coal beds are reported from
the upper part of the succession and conglomeratic layers occur
Fig. 2.Map of cratons and orogenic belts of Northeast Asia with present-day distribution of Permian strata and accompanying thickness (after Parfenov et al., 2003, 2009, modified).
222 V.B. Ershova et al. / Tectonophysics 691 (2016) 220–233sporadically throughout the succession (Budnikov, 1976). The
thickness of Permian deposits varies significantly across the area,
from 100 m to approximately 1000 m, increasing from the south to
the north and from the margins to the central part of the basin
(Fig. 2).3.2. South Taimyr FTB
The Permian deposits here have been intensely deformed during
Mesozoic compression, complicating correlation and thickness estima-



































































































Olenek    Fold Belt
Fig. 3. Simplified geological map (after Pogrebitskiy and Shanurenko, 1998; Malich, 1999, modified) with location of samples analyzed for detrital zircon U–Pb ages. Kara Terrane, Central
Taimyr Accretionary Belt and South Taimyr FTB comprise the Taimyr-Severnaya Zemlya Orogenic Belt.
223V.B. Ershova et al. / Tectonophysics 691 (2016) 220–233distributed in the South Taimyr FTB (Figs. 2 and 3). The Lower Permian
deposits are represented by alternating marine clays, siltstones and
limestones in the northwest, and intercalated clays, siltstones and sand-
stones with beds of coal in the southwest and east (Pogrebitskiy and
Shanurenko, 1998; Pogrebitskiy and Lopatin, 1999) (Fig.4). Uppermost
Lower Permian deposits are represented by continental sandstones
with lenses and beds of conglomerates in the northwest of Taimyr,
and shallow marine to lagoonal sandstones in the east. The uppermost
Lower–Middle Permian deposits consist of interbedded siltstones, sand-
stones and clays across the region, withmarine fossils reported from the
eastern part of Taimyr (Pogrebitskiy and Shanurenko, 1998). The upper-
most Middle–Upper Permian deposits are mainly continental sand-
stones, siltstones and clays with numerous coal beds. Rare bivalves
from the uppermost Middle–Upper Permian deposits present evidence
of a temporary brackish water environment (Pogrebitskiy and
Shanurenko, 1998; Pogrebitskiy and Lopatin, 1999). The thickness of
Permian deposits varies from 2 to 3 km across the South Taimyr region
(Fig. 2).2 We follow the subdivision of Carboniferous on 2 parts: Early Carboniferous=Missis-
sippian, Late Carboniferous = Pennsylvanian.3.3. Lena–Anabar Depression
The Permian deposits within the Lena–Anabar Depression are
mostly covered by a thick Mesozoic succession (Fig. 3). They outcrop
along the northern margins of the Anabar Shield and Olenek Uplift,
and within the Olenek Fold Belt, while elsewhere they are penetrated
by several wells. The whole Permian succession comprises interbedded
sandstones, siltstones and clays, with numerous coal beds (Fig. 4).
Permian strata in this area display a facies zonation from entirely conti-
nental deposits in the south, only a few tens of meters thick, to brackish
andmarine clastics up to 2400m thick in the north (Fig. 2) (Kontorovich
et al., 2013; Pogrebitskiy and Shanurenko, 1998).3.4. Lower Lena area
Permian strata across much of the lower Lena area are covered by a
thickMesozoic succession, and only outcrop along the easternmargin of
theOlenek uplift and in the KharaulakhMountains (northern part of the
Verkhoyansk FTB) (Fig. 3), and are found in a few wells. Permian sedi-
ments display a facies transition from entirely continental deposits in
the west to deltaic-submarine fan deposits in the east, with an increase
in thickness from a few hundredmeters to a few kilometers in the same
direction (Fig. 2). The continental sediments in thewest comprise sandy
deposits with layers of conglomerates, fining eastwards to interbedded
siltstones, clays and sandstones (Mezhvilk andMarkov, 1983; Solomina,
1997).3.5. Vilyui area
The Permian strata in the Vilyui area outcrop along the northwest
margin of the Vilyui basin and are penetrated within the basin by
deep wells. They are mainly represented by continental to shallow ma-
rine clastics and contain numerous coal beds, overlying Upper Cam-
brian–Carboniferous2 deposits along the margins. The thickness of
Permian deposits varies from a few tens of meters along the periphery
of the basin to 3200 m in the central part (Fig. 2) (Prokopiev et al.,
2001). The Permian deposits of the adjacent Verkhoyansk FTB are inten-
sively deformed and represented by alternating clays, siltstones and
sandstones deposited in deltaic-submarine fan environments, attaining
























































































Sketch map showing distribution of 
marine and continental deposits
Fig. 4. Chronostratigraphic chart of Permian deposits and location of detrital zircon samples. Data sources: Budnikov, 1976; Mezhvilk and Markov, 1983; Pogrebitskiy and Shanurenko,
1998; Pogrebitskiy and Lopatin, 1999; Solomina, 1997; Prokopiev et al., 2001. Note: the location of detrital zircon samples from the Lower–Middle Permian strata is shown on
Artinskian while Upper Permian on Capitanian map.
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The Permian strata of the Yenisey-Khatanga Depression are covered
by a thick Mesozoic succession and were not penetrated by any wells
within the basin. Thus we can only predict the composition and thick-
ness of Permian strata by making inferences from known outcrops in
the Tunguska basin to the south, and across Taimyr to the north, and
using seismic data in the Yenisey-Khatanga Depression (Kushnir,
2006). This leads us to also expect a complete Permian succession
within the Yenisey-Khatanga basin. According to the seismic data, in
the westernmost part of the Yenisey-Khatanga Depression the total
thickness of undivided Carboniferous–Lower Triassic strata is estimated
at approximately 10 km, although up to 3 km may be Lower Triassic
traps (Kushnir, 2006).3.7. West Siberian sedimentary basin
Permian deposits are also covered by a thickMesozoic succession in
theWest Siberian sedimentary basin and penetrated only in deepwells.
Permian strata are mostly represented by continental deposits filling inlocal depressions and their distribution is limited across theWest Sibe-
rian sedimentary basin (Yolkin et al., 2001).4. Detrital zircon U–Pb analyses
U–Pb dating of detrital zircons was performed on 9 samples. Sam-
ples were crushed and the heavy minerals were concentrated using
standard techniques at the Institute of Precambrian Geology and Geo-
chronology, Russian Academy of Science, and Diamond and Precious
Metal Geology Institute, Siberian Branch of Russian Academy of Sci-
ences. The zircon grains were mounted in epoxy and polished. U–Pb
analyses were carried out by Apatite to Zircon, Inc. and at the
LaserChron Center (University of Arizona), with 207Pb/206Pb ages re-
ported for N1.0 Ga grains and 206Pb/238U ages for ≤1.0 Ga grains. Fol-
lowing Gehrels (2012), analyses with greater than 30% discordance
and 10% reverse discordance were excluded. Data tables with infor-
mation on grains that fit discordance criteria and a detailed descrip-
tion of analytical procedures are provided in Attachment 1 and
explanation text. The complete results of the U–Pb study are illus-




























































































































































































Fig. 5. Probability density diagram and superimposed histogram of U–Pb detrital zircon ages from Permian rocks of South Taimyr FTB and Lena-Anabar Depression.








































































































































Fig. 6. Probability density diagram and superimposed histogram of U–Pb detrital zircon
ages from Permian rocks of Lower Lena area.
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Two samples (Jt-2-301 and M37-Zr) from Upper Permian deposits
were analyzed. The Jt-2-301 sample was collected in western part of
South Taimyr FTB (Figs. 3–5). It was located below Triassic basalts, in
rock units correlated with uppermost Permian. The sample contains a
few grains displaying Early Triassic ages, but they do not form a promi-
nent peak and thereforewere not used to constrain the depositional age
of sedimentation. Fifty one percent of the dated grains are Precambrian
in age. Neoproterozoic grains contribute 42% of the total population and
form major peaks at 715 and 588 Ma. A few Archean, Paleoproterozoic
and Mesoproterozoic grains recovered do not form prominent peaks.
Early Paleozoic grains contribute 14% of the total population and form
a peak at 465 Ma. Permian grains comprise 29% and form two peaks at
290 and 258 Ma. Devonian–Carboniferous zircon ages were absent
within the dated grains.
The M37-Zr sample was collected in eastern part of South Taimyr
FTB fromMiddle Permian deposits (Figs. 3–5). The three Archean grains
do not form a prominent peak. Paleoproterozoic grains comprise 21% of
the population and are grouped into a peak around 1845 Ma. A single
Mesoproterozoic grain yielded an age of 1261± 50Ma. Neoproterozoic
grains comprise 10% of the population and form an age group around
767 Ma. The early to middle Paleozoic grains comprise 22% of the pop-
ulation and form a distinct peak at 488Ma, and Carboniferous–Permian
grains (41%) form peaks at ca. 352, 314, 299 but most cluster around
271 Ma.
4.2. Lena–Anabar area
The four samples (AA28P, SG0819, 08AP135, Khast67) dated in this
region have a similar detrital zircon age distribution (Figs. 3–5). The Pre-
cambrian grains comprise 18 to 49% of the total population, with Ar-
chean grains ranging between 2500 and 2950 Ma, and a few
Mesoproterozoic grains with ages clustering around 1500–1600 Ma.
Neoproterozoic and Paleoproterozoic grains were the most abundant
among the Precambrian zircons with peaks around 1845, 820 and
750 Ma. Also found were early to middle Paleozoic zircons with promi-
nent peaks at ca. 480, 415 and 400 Ma. Carboniferous and Permian ages
comprise from34 to 51% of the dated grains and group around 340, 315,
290 and 270 Ma.
4.3. Lower Lena area
The detrital zircon signatures of four dated samples (07AP4/1,
GOV15, 07AP18, 09AP38) (Figs. 3, 4 and 6) from the Permian rocks
are similar. Archean grains comprise from 6 to 12% and form a peak at
ca. 2560–2580 Ma. Paleoproterozoic grains typically comprise 12–15%
of the total population and are grouped into a peak varying in age
from 1835 to 1930 Ma. The highest number of Paleoproterozoic grains
was documented in the sample 07AP4/1 (38% of the total population)
with a peak at 1875 Ma. Only two Mesoproterozoic grains were found
in a single sample (09AP38) with ages of 1387 ± 32 and 1508.7 ±
32 Ma. Neoproterozoic grains comprise from 11% to 18% of the zircon
population and their ages group at 880–900, 770–780 and 590 Ma.
The Paleozoic grains comprise 44% to 65% of the grains and formnumer-
ous peaks. Early to middle Paleozoic grains form peaks at 500, 480, 465,
420 and 380 Ma, and Carboniferous–Permian grains grouped at ca. 355,
300, 290 and 275 Ma.
5. Provenance and paleogeographic interpretation
There is a striking similarity in the age distribution of detrital zircons
from Permian strata across the study region (Fig. 7) pointing to the
same provenance area for dated samples. The Archean grains mainly
vary in age from 2500 to 2750 Ma but do not form significant peaks.
































Fig. 7.Cumulative probability density plot of U–Pb ages for Permian strata of South Taimyr
FTB, Lena–Anabar Depression and Lower Lena area (this study) and Central Verkhoyansk
(Prokopiev et al., 2008). Rose color highlights similarity in distribution of DZ within
studied areas.
227V.B. Ershova et al. / Tectonophysics 691 (2016) 220–233basement of the Siberian Craton (Rozen, 2003; Smelov and Timofeev,
2007).The Paleoproterozoic grains form a distinctive peak in all dated
samples and are grouped mainly around 1830–1880 Ma. Rocks of this
age are reported within the basement of the Anabar Shield (Gusev
et al., 2013), but they are significantly more widespread across the
southern and southwestern margins of Siberia (Smelov and Timofeev,
2007; Prokopiev et al., 2008). Following these samples there is a signif-
icant time gap among the detrital zircon ages. The next relatively weak
peaks in the age probability occur in the Neoproterozoic at around 700–
800 Ma, although some samples include older peaks ranging broadly
between 800 and 900 Ma. Neoproterozoic igneous rock of similar age
have been described from the Yenisey Ridge along the southwestern
margin of Siberia (Vernikovskaya et al., 2006; Nozhkin et al., 2008;
2013) and the Taimyr Peninsula along the northern margin
(Vernikovsky, 1996; Vernikovsky et al., 2004; 2011; Zakharov et al.,
1993; Pease and Vernikovsky, 1998; Pease et al., 2001; Proskurnin
et al., 2014). Paleozoic ages dominate and are mostly group into two
major populations of Ordovician and Late Carboniferous–Permian age.
All samples contain Permian age peaks consistent with their strati-
graphic age, pointing to erosion of a contemporaneous orogen.
Detrital zircon ages among samples analyzed indicate that northern
Siberian Permian clastic strata were derived from erosion of magmatic
and/or metamorphic rocks related to several orogenic cycles. Likely
sources are early Paleozoic magmatic and volcanic rocks that are de-
scribed from: the Urals (Puchkov, 1997; 2009), Kazakhstan
(Degtyarev, 2012 and references therein); southern Siberia (Turkina
et al., 2007 and references therein); and Severnaya Zemlya (Lorenz
et al., 2007). The dominance of Carboniferous–Permian zircon popula-
tions can be correlated to different magmatic episodes reported from
the Ural–Mongolian Orogen. The collision during Uralian orogeny is
characterized by magmatic activity varying from late Early Carbonifer-
ous–Late Permian younging northwards (from Kazakhstan and South-
ern Urals to the Polar Urals) (Puchkov, 1997; 2009, Brown et al.,
2006). Late Carboniferous–Permian collision-related granites are also
known from the basement of the West Siberian sedimentary basin
(Ivanov et al., 2010: 2012; 2013; Votyakov et al., 2013). Thus, the source
areas for Permian clastics sampled are likely located within broad Ural–
Mongolian Orogen with contribution from the basement of Siberia and/
or sedimentary succession primarily sourced from basement rocks.
The Taimyr-Severnaya Zemlya Orogenic Belt (Fig. 3) has been previ-
ously considered as a northern branch of the Urals due to occurrence of
Late Permian igneous intrusions (Vernikovsky, 1996), and Taimyr
Permian deposits are interpreted as the infill of a rapidly subsidingforeland basin located along the thrust front. However, more recent dat-
ing of the granites in northern Taimyr and Severnaya Zemlya gives
Early-earliest Middle Carboniferous ages (Makariev, 2013). This indi-
cates that a collision between the Kara Terrane (northern Taimyr and
Severnaya Zemlya Archipelago) and Siberian Craton occurred earlier
than previously assumed. The distribution of detrital zircons from Car-
boniferous clastics of northern Siberia also partly supports an Early Car-
boniferous collision event (Ershova et al., 2013: 2015d; Prokopiev et al.,
2013). However, clastic sediment supply from the northern provenance
(Kara Terrane) was significantly reduced by the end of Carboniferous.
Most Permian granite intrusions dated in Taimyr Peninsula by Rb–Sr
isochron and U–Pb zircon methods are Middle to Late Permian
(Vernikovsky, 1996) whereas our samples contain numerous Early
Permian detrital zircon grains which are unlikely to have been sourced
from the Taimyr-Severnaya Zemlya Orogenic Belt.
Moreover, the Permian successions provide evidence for the exis-
tence of marine basins across the northern and easternmargins of Sibe-
ria during Early Permian, while continental (fluvial and lacustrine)
sedimentation prevailed in the Tunguska basin (western margin of Si-
beria) and in the Vilyui Basin (Figs. 3 and 4). The Middle–Late Permian
strata of northern Siberia are characterized by a transition to continental
environment, in the westernmost part of Taimyr, with still shallowma-
rine to deltaic sedimentation prevailing in the eastern Taimyr, andmost
part of Lena–Anabar and Lower Lena areas. Also there is an established
facies transition from fluvial depositional environments, across the Tun-
guska area in the south, to marine environments in the north towards
the Taimyr Peninsula and Lena–Anabar area. This suggests that the
main provenance of clastic was located to the south and west of our
study area.
A comparison of our Permian samples from northern part of Siberia
with Permian samples dated previously by Prokopiev et al. (2008) from
Central Verkhoyansk region shows a slight difference in the detrital zir-
con age distribution (Fig. 7). Also there is an increasing amount of Pre-
cambrian grains within Central Verkhoyansk succession indicating a
more significant contribution from the Siberian basement. Prokopiev
et al. (2008), based on data from the Central Verkhoyansk region, pro-
posed a major fluvial system located in the central part of Siberia and
named it the “Paleo-Lena River”. This river flowed along the axis of
the Vilyui Depression and transported clastics from southwestern Sibe-
ria to the Verkhoyansk passive margin across the Siberian Craton. Using
the results of our detrital zircon study, alongwith evidence of the Perm-
ian succession facies transition, we propose that a major fluvial system,
similar to that proposed for Carboniferous time, and termed the “Paleo-
Khatanga” (Ershova et al., 2013; 2015d; Prokopiev et al., 2013) would
be the main sediment transport pathway along the western and north-
ern margins of Siberia (Fig. 8). With this transport system the main
source of clastic material would be in the eastern and southeastern
part of Ural–Mongolian Orogen. Thus, the Permian paleogeography of
Siberian continent was controlled by several major long-lived fluvial
systems, with Paleo-Khatanga River in the north and Paleo-Lena River
in the central part of it.
6. Implications for the Arctic realm
Anumber of recent late Paleozoic Arctic geodynamic reconstructions
are based on detrital zircon data (Embry, 1998; Ershova et al., 2015a, b;
Miller et al., 2006; 2010; 2013; Beranek et al., 2012; 2013; Tochilin et al.,
2014; Gottlieb et al., 2014; Colpron andNelson, 2011, andmany others).
The principal objectivewas to reconstruct the late Paleozoic positions of
terranes which are now scattered across the Arctic and North American
Cordillera before the opening of a number of Mesozoic–Cenozoic oce-
anic basins. We consider here only those terranes which have available
detrital zircon data from Permian sediments. These include the Farewell
Terrane, Alexander Terrane, Arctic Alaska-Chukotka Terrane, New Sibe-
rian Islands, Sverdrup basin (Arctic Canada) and Kara Terrane

























Fig. 8. Proposed Permian Paleo-Lena and Paleo-Khatanga river systems across Siberia
(after Prokopiev et al., 2008; Ershova et al., 2015d, modified). Sedimentological data
from Southern Verkhoyansk indicate that a separate drainage system fed that part of
basin from south (Khudoley and Guriev, 1994).
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6.1.1. Farewell Terrane
There are a number of models regarding the late Paleozoic affinity of
the Farewell Terrane. Dumoulin et al. (2002) considered the Farewell
Terrane as a microcontinent within an ocean between the Siberian
and Laurentian cratons, while Bradley et al. (2003) suggested that the
terrane formed part of a plate convergence zone stretching from the
Urals to the North America Cordillera. More recently, Colpron and
Nelson (2011) considered the Farewell Terrane to represent a part of
the Siberian Platform until at least Early Permian time. The most recent
model by Malkowski and Hampton (2014) places the Farewell Terrane
in the Panthalassic Ocean and proximal to peri-Laurentian terranes
along the western margin of the Slide Mountain Ocean during the
Pennsylvanian–Early Permian (Fig.9).6.1.2. Alexander Terrane
There are also a number of different models for the location and
movement of the Alexander Terrane during the late Paleozoic (Fig.9).
There is reasonable consensus on a peri-Baltican location of the terrane
in the early-middle Paleozoic (Beranek et al., 2012; 2013; Tochilin et al.,
2014), however there is more of a disparity between different re-
searchers regarding its middle-late Paleozoic history. Colpron and
Nelson (2011) proposed that the Alexander Terrane moved from thepaleo-Arctic into the paleo-Pacific realm during the Paleozoic and
Tochilin et al. (2014) assumed migration of the terrane from the Arctic
into the Cordilleran realm in the late Paleozoic. Beranek et al. (2014)
considered the Alexander Terrane as part of an Alexander-Wrangellia-
Peninsular composite terrane, placing it between the Uralian orogenic
system of Eurasia and Cordilleran arc system, alongside the western
Pangea terrane, during Permian time.
6.1.3. Arctic Alaska–Chukotka Terrane
Northern Alaska, Chukotka, and the adjacent continental shelves are
often considered as components of a composite Arctic Alaska–Chukotka
Terrane (AACT). Recent studies suggest that the AACT is composed of at
least two different blocks which became amalgamated in Devonian or
Carboniferous time (Lane, 2007; Strauss et al., 2013). Pre-Devonian
rocks in the northeast of the North American part (North Slope
subterrane) of the AACT have affinities to Laurentia (Gottlieb et al.,
2014; Strauss et al., 2013), while the northwestern part of the North
American part and Russian part of the AACT (Chukotka andWrangel Is-
land) have Baltican affinities (Amato et al., 2009; Miller et al., 2006;
Miller et al., 2010; Till et al., 2014) (Fig.9).
6.1.4. Novaya Zemlya Archipelago
Novaya Zemlya Archipelago forms the eastern framework of the Ba-
rents Sea. It comprises the Neoproterozoic-Paleozoic succession located
in the northern margin of Baltica (present-day coordinates) that was
folded and thrusted during Uralian Orogeny (Korago et al. 1992;
Lorenz et al., 2013 and references therein) (Fig.9). The Permian deposits
there represent the distal part of the Cis-Uralian foreland basin
stretching along the eastern margin of Baltica, and they are sourced
from the western side of the Ural–Mongolian Orogen (Lorenz et al.,
2013 and references therein). Thus, detrital zircon data from the Perm-
ian deposits of Novaya Zemlya Archipelago could be used as a reference
point for reconstruction of terranes located to the west from the Ural–
Mongolian Orogen.
6.1.5. Kara Terrane
Various models have been proposed for the Paleozoic history of the
Kara Terrane, which encompasses the Severnaya Zemlya Archipelago,
northern part of the Taimyr Peninsula and northern Kara Shelf.
Zonenshain et al. (1990) suggested that the terrane was part of an an-
cient continent called “Arctida”, while Lorenz et al. (2008a, b) described
it as amarginal part of Baltica and other researchers suggested it existed
as a separate microcontinental terrane until the late Paleozoic
(Bogdanov et al., 1998; Gramberg and Ushakov, 2000; Metelkin et al.,
2000; 2005).
6.1.6. New Siberian Islands
Several differing models regarding the affinity of the New Siberian
Islands have been published in recent years (Kuzmichev, 2009;
Ershova et al., 2015a, b; Metelkin et al., 2014). Kuzmichev (2009) sug-
gested the New Siberian Islands represented the distal passive margin
of Siberia, while Zonenshain et al. (1990) considered the New Siberian
Islands as part of an ancient continent called “Arctida”. Based on paleo-
magnetic data, Metelkin et al. (2014) considered the New Siberian
Islands as a small microcontinental terrane located along the eastern
margin of Siberia (present-day coordinates), but separated from it dur-
ing the Neoproterozoic and Paleozoic (Fig.9). The most recent studies
suggest reconstructing the New Siberian Islands Terrane along the
northernmargin of Laurentia and/or Baltica using upper Paleozoic detri-
tal zircon geochronology (Ershova et al., 2015a, b). However, Pease et al.
(2015), based on change in provenance betweenDevonian and Permian
time from Baltica to a mixed Baltica–Uralian source suggested that the
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Fig. 9. The proposed Artic model for Middle Permian, modified after Lawver et al. (2002); Beranek et al. (2014).
229V.B. Ershova et al. / Tectonophysics 691 (2016) 220–2336.2. Comparison of detrital zircon data from Permian strata across the Arc-
tic realm
A reviewof available detrital zircon ages fromPermian strata around
the Arctic (Fig. 10) reveal twomajor groups. The first includes the Alex-
ander and Farewell terranes, Novaya Zemlya and the New Siberian
Islands, and Permian of Siberia (Lorenz et al., 2013; Tochilin et al.,
2014; Malkowski and Hampton, 2014; Ershova et al., 2015a; 2015b;
Pease et al., 2015) which show major zircon populations of Late
Carboniferous-Permian age, that could be attributed to Uralian source.
The second group comprises the AACT-Wrangel Island and north of
Alaska, Severnaya Zemlya and the Sverdrup Basin (Lorenz et al.,
2008b; Miller et al., 2010; Gottlieb et al., 2014; Ershova et al., 2015a, b,
c, d; Anfinson et al., this issue) with no zircons close to the age of
sedimentation.
The detrital zircon populations of the Alexander and Farewell ter-
ranes, Novaya Zemlya, and New Siberian Islands as well as in northern
Siberia and Central Verkhoyansk are characterized by numerous Late
Carboniferous-Permian and early Paleozoic grains, and Precambrian zir-
cons are subordinate and are predominantly Paleoproterozoic and Ar-
chean in age (Fig. 10). In contrast, detrital zircon populations of the
AACT, Wrangel Island, north of Alaska and the Sverdrup Basin contain
numerous Mesoproterozoic grains with age peaks matching the ages
of magmatic and metamorphic events within the Grenvillian-
Sveconorwegian provenance (Bingen et al. 2008; Rivers 2008;
McLelland et al. 2010) pointing to the Grenvillian–Sveconorwegian
areas as the main source of clastic sediments.
The detrital zircon distribution from the Upper Carboniferous–
Lower Permian sediments of the Severnaya Zemlya Archipelago does
not show any similarities with other regions within the Arctic realm.
Ershova et al. (2015c) explained this by predominance of the local ero-
sion of Early Ordovician magmatic rocks across the archipelago.
Gottlieb et al. (2014) proposed that the source of Permian clastics of
northern Alaskawere locally reworkedDevonian foreland clasticwedge
as well as underlying Franklinian Basin strata (Anfinson et al., 2012a;
2012b). By contrast Miller et al. (2010) suggested that the Permian
strata of Wrangel Island were derived from themarginal part of Baltica.However striking similarities of distribution of detrital zircons from
Permian strata of northern Alaska and Wrangel Island possibly point
to the same source region for clastic detritus.
6.3. Proposed model
The late Paleozoic paleogeography of northern Eurasia is mainly
controlled by accretionary and collision processes between Baltica,
Kazakhstan and Siberia which led to formation a huge orogenic system
(Ural-Mongolian Orogen) which occupies the modern Urals and ex-
tends further to the east under the sedimentary cover of West Siberia
continuing south to frame the southern margin of Siberia (Puchkov,
1997; 2009). The eastern part of the Orogen provided clastics to Siberia
where large river systems transferred clastic material to its northern
and eastern margins (present-day coordinates), while the western
part of the same orogen provided clastic material for deposits along
eastern and northern margin of Baltica (present-day coordinates). The
major question is whether it is possible to reposition present day Arctic
and Cordilleran terranes to either Baltican or Siberianmargins in late Pa-
leozoic based on the provenance signature from terrigenous deposits,
when the main source areas for these deposits were the eastern and
western parts of the Ural–Mongolian Orogen.
At a regional scale, the detrital zircon age distributions fromPermian
strata around the Arctic (Fig. 10) reveal a similarity between detrital zir-
con ages from Permian deposits of Novaya Zemlya, New Siberian
Islands, Alexander and Farewell terranes. Distribution of detrital zircon
ages in Permian strata from these regions, with numerous Late Paleozo-
ic grains, shows a fingerprint of Ural–Mongolian Orogen (Fig. 10). More
detailed analyses of the Precambrian detrital zircon populations in these
regions indicate contributions from Baltican rather than Siberian
sources. That is there is no 800–1700 Ma gap in detrital zircon popula-
tions as it has been found in Siberian sources. Furthermore, the Precam-
brian zircons show a close fit to Grenvillian–Sveconorwegian ages
(Bingen et al., 2008; Rivers, 2008; McLelland et al., 2010) lacking in Si-
beria and its framework (e.g. Gladkochub et al., 2010; Khudoley et al.,
2015). Based on the data presented here, we propose an alternative
model that restores these terranes along the northern margin of Baltica




























































































































































































































Fig. 10.Probability density diagramand superimposedhistogramofU–Pbdetrital zircon ages fromNorthern Siberia (this study and Zhang et al., 2013), NewSiberian Islands (Ershova et al.,
2015a; 2015b), Novaya Zemlya (Lorenz et al. 2013);Wrangel Island (Miller et al,. 2010), Alexander Terrane (Tochilin et al., 2014), Farrewel Terrane (Malkowski andHampton 2014), Arctic
Alaska (Gottlieb et al., 2014), Sverdrup basin (Arctic Canada) (Anfinson et al., this issue). All probability plots were produced using the same discordance criteria when analyses with
greater than 30% discordance and 10% reverse discordance were excluded.
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middle Paleozoic location of New Siberian Islands and Alexander Ter-
rane, as peri-Baltican terranes as suggested by Ershova et al. (in press)
and Beranek et al. (2013). The detrital zircon age populations from the
AACT, both from the Russian part (Wrangel Island) and North
American part (North Slope subterrane), do not provide any evidence
of a Uralian provenance, therefore we propose restoring this composite
terrane to a position adjacent to the northern part of Laurentia during
the late Paleozoic (Fig. 9).
7. Conclusions
The detrital zircon provenance analysis gives us a means of evaluat-
ing paleogeographic reconstructions for the late Paleozoic of northern
Siberia. Our detrital zircon data suggest that Permian clastics of north-
ern Siberia were mainly sourced from orogens framing the western
and southwestern Siberia craton, with an additional sediment contribu-
tion from the reworked sedimentary cover, and basement, of Siberia.
Our paleogeographic restoration necessitates the existence ofmajor flu-
vial systems draining northward and eastward across Siberia during the
Permian: the Paleo-Khatanga and the Paleo-Lena river systems.
The detrital zircon signatures of the Paleo-Khatanga and Paleo-Lena
rivers are characterized by large percentages of Carboniferous–Permian
and early Paleozoic zircons, which, alongwith reference to facies transi-
tions of Permian rocks, can be tied to discrete magmatic events known
from within the Ural–Mongolian Orogen rather than those of the
north Taimyr and Severnaya Zemlya. The contribution from Precam-
brian Siberian sources is indicated by wide distribution of ca. 1700–
2000 Ma and 2500–2750 Ma zircons with a total lack of zircons within
the 800–1700 Ma age range. This regional overview of detrital zircon
age populations from Permian deposits across the broader Arctic
realm helps to identify the pre-Mesozoic affinities of terranes which
now lay many hundreds of kilometers apart. We propose that Permian
clastics deposited on the New Siberian Islands, Alexander and Farewell
terranes could be sourced from the western margins of the Ural–
Mongolian Orogen, and must therefore have been located along the
northern margin of Baltica during the late Paleozoic. Meanwhile, Perm-
ian sediments on the AACT contain no evidence for Uralian signatures
and could be restored adjacent to the northern margin of Laurentia.
The new data presented in this paper help to redefine and place new
constraints on late Paleozoic Arctic paleogeography prior to opening
of the Mesozoic-Cenozoic oceanic basins.
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